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Summary

This study evaluates the economic consequences of a Rift Valley Fever outbreak, a

virus that spreads from livestock to humans, often through mosquitoes. Develop-

Correspondence:

D. Pendell. Department of Agricultural and
Resource Economics, Colorado State
University, B315 Clark, Fort Collins, CO
80523-1172, USA. Tel.: +1 970 491 2233;
Fax: +1 970 491 2067,

E-mail: dustin.pendell@colostate.edu.

ing a ‘one health’ economic framework, economic impacts on agricultural pro-
ducers and consumers, government costs of response, costs and disruptions to
non-agricultural activities in the epidemiologically impacted region, and human
health costs (morbidity and mortality) are estimated. We find the agricultural
firms bear most of the negative economic impacts, followed by regional non-
agricultural firms, human health and government. Further, consumers of agricul-

tural products benefit from small outbreaks due to bans on agricultural exports.
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Introduction

Risks associated with emerging and re-emerging foreign
animal and zoonotic diseases are a real and growing threat
in today’s global society." The recently publicized coronavi-
rus, which is related to severe acute respiratory syndrome
(SARS), was first detected in the Middle East and now has
recently been detected in France. According to the World
Health Organization (WHO, 2013), this new strain of coro-
navirus has not been previously identified in humans.
Thus, little is known concerning the transmission and
severity of the disease. Another current zoonotic disease is
the H7N9 influenza (also called ‘bird flu’) outbreak in
China. There have been 33 human deaths and 130 human
infections (Zhi, 2013). Additionally, the outbreak has
caused the demand for chicken and eggs to fall
dramatically, causing more than $6.5 billion in losses to the
Chinese poultry industry (Zhi, 2013). With these two new
viruses occurring in different parts of the world, the world
health authorities are worried that one or both of these
outbreaks could become a global pandemic.

In April 2009, a new virus that had never appeared in
humans or animals appeared in the United States.
Although this new virus was circulating among humans, it
was termed ‘swine flu’ due to its closely related North
American and Eurasian lineage swine-origin HINI
influenza viruses (CDC, 2010a). By March 2010, the CDC
estimates that there were between 43 and 88 million cases,
192 000-398 000 hospitalizations and between 8720 and
18 050 deaths as a result of the 2009 HIN1 pandemic in
the United States (CDC, 2010b). Other recent zoonotic dis-
ease outbreaks that remind us of the potential risks and
impacts are SARS, West Nile virus and H5N1 influenza
(Highly Pathogenic Avian Influenza). Jones et al. (2008)
found that 335 emerging infectious diseases in the United
States were zoonotic, with more than 70% originating from
wildlife between 1940 and 2004. According to King (2004),
the frequency of emerging infectious diseases will continue
to increase, especially with the growing interface between
humans, animals and wildlife.

To date, most published zoonotic economic assessments

have focused on animal health or human health
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assessments, but not both (e.g. Zohrabian et al., 2004; Ndi-
va-Mongoh et al., 2008; Rich and Wanyoike, 2010).
According to Miller and Parent (2012), the ‘one health’
(combining human and animal health) economic assess-
ment is not routinely carried out because of the lack of
models that link human and animal disease and the associ-
ated economic impacts. In contrast to the previous studies,
we provide a novel economic framework to assess both ani-
mal and human health focusing on zoonotic diseases. The
‘one health’ economic framework is applied to an illustra-
tive, hypothetical outbreak of Rift Valley Fever (RVF) in
the Midwestern United States. The goal of this study was to
assess the economic impacts on agricultural producers and
consumers, government costs of response, costs and dis-
ruptions to non-agricultural activities in the regions, and
human health costs (morbidity and mortality).

Foreign animal and zoonotic disease can have enormous
economic impacts on societies. According to the World
Bank (2010), more than $20 billion in direct and $200 bil-
lion in indirect losses have occurred worldwide because of
bovine spongiform (BSE), SARS, HIN1 and HPAL? It has
been estimated that if an influenza pandemic occurred in
the United States, the economic impact could be between
$71.3 and $166.5 billion (Meltzer et al.,, 1999). With an
increased frequency, risks and potentially catastrophic
impacts of zoonotic diseases, the need for the research to
evaluate the possible economic impacts to both humans
and livestock is critically important.

This research is unique as it is the first known published
article to assess the economic impacts of a potential RVF
outbreak in the United States. Additionally, this is the first
known research that uses contingent valuation methods
and the value of statistical life to estimate the impacts asso-
ciated with human mortality and morbidity from RVF.
Furthermore, this study provides an economic framework
to combine the agricultural and non-agricultural impacts,
the costs to the government for controlling and eradicating
the disease, and the human health impacts.

Background on Rift Valley Fever

Rift Valley Fever, a zoonotic disease, was first described in
Kenya in 1931, and subsequent epidemics have been
reported in East African and Middle Eastern countries. In
livestock, RVF is characterized by abortions and high mor-
tality in young animals. In humans, the virus primarily
causes an influenza-like illness and periodically leads to
more severe health problems (i.e. blindness and even
death). The United States has not had a confirmed case and
currently is free of RVF.

The RVF virus (RVFv) is transmitted to animals and
humans through mosquitoes. Furthermore, consuming/
handling products from a sick animal, contacting/handling
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infected livestock, handling an aborted foetus and assisting
with birthing from sick livestock contributes to the disease
spread (Anyangu et al., 2010). According to Adam et al.
(2010), contacting/handling livestock was the dominant
risk factor for spreading RVFv followed by mosquito bites
during the 2007 Sudan outbreak.

Rift Valley Fever has been detected in livestock including
cattle, sheep, goats, buffalo and camels. Additionally, mon-
keys, grey squirrels, cats, dogs, horses and rodents can con-
tract RVFv (ISU, 2006). The typical clinical signs associated
with the disease include high abortion rates, haemorrhages
and death, with younger animals being the most severely
impacted.

Human health impacts associated with the disease and
treatment expenditures during an outbreak can be a burden
on the healthcare system, especially in a developing coun-
try. According to Woods et al. (2002), 100 000 people were
affected with more than 450 deaths in Kenya during the
1997-1998 RVF outbreak. During the 2007 outbreak in
Sudan, an estimated 75 000 people were affected with 747
confirmed cases and 230 deaths (WHO, 2008). People can
develop a flu-like fever, muscle and joint pain, headache,
neck stiffness, sensitivity to light, loss of appetite and vom-
iting while lasting for 4-7 days when contracting the mild
form of RVF (WHO, 2010). If the severe form is developed,
this can lead to ocular complications (0.5-2% of people),
encephalitis (<1%) or haemorrhagic syndromes (<1%).
Although the death rate varies by outbreak, generally <1%
of reported cases are fatal (WHO, 2010).

In addition to impacts on livestock and humans, RVF
can cause significant impacts on trade of agricultural prod-
ucts. According to World Animal Health Organization
(OIE, 2013a), RVF is a listed and notifiable disease. The
OIFE’s recommended guidelines for importation from RVF-
infected countries or zones with disease for ruminants:

Veterinary Authorities should require the presentation
of an international veterinary certificate attesting that
the animals: 1) showed no evidence of RVF on the day
of shipment; 2) were vaccinated against RVF at least
21 days prior to shipment with a modified live virus
vaccine; OR 3) were held in a mosquito-proof quaran-
tine station for at least 30 days prior to shipment dur-
ing which the animals showed no clinical signs of RVF
and were protected from mosquito attack between
quarantine and the place of shipment as well as at the
place of shipment(Article 8.11.10, OIE, 2013b).

Furthermore, OIE recommends for meat and meat prod-
ucts of domestic and wild ruminants from RVEF-infected
countries or zones:

Veterinary Authorities should require the presentation

of an international veterinary certificate attesting that

the carcasses: 1) are from animals which have been
slaughtered in an approved abattoir and have been
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subjected to ante-mortem and post-mortem inspec-

tions for RVF with favourable results; and 2) have

been fully eviscerated and submitted to maturation at

a temperature above +2°C for a minimum period of

24 hours following slaughter(Article 8.11.10, OIE,

2013b).

In other words, if a country has an outbreak, then it is
that country’s formal obligation to submit relevant disease
outbreak information. This is important because of the
high likelihood that immediate international trade restric-
tions will occur after notification.

The impacts of a Rift Valley Fever outbreak can have
significant impacts on a country’s economy, especially in
developing countries. Rich and Wanyoike (2010) investi-
gated the economic impacts to the stakeholder along the
supply chain for the 2007 RVF outbreak in Kenya. They
concluded that on a macroeconomic basis, the Kenyan
economy lost more than $32 million. Following the
Saudi Arabia RVF outbreak in 2000, Rich and Wanyoike
discuss the economic losses in the Somali Region of
Ethiopia to be $132 million due to the trade losses of
live animals. In a working paper by Hughes-Fraire et al.
(2011), they estimate the impacts of a hypothetical RVF
outbreak in south-eastern Texas in the United States.
Similar to this study, they used an epidemiological
model combined with an agricultural sector partial equi-
librium model and human health information. To model
the epidemiological impacts, the authors used data from
the 1999 West Nile virus outbreak. Furthermore, they
used cost of illness data for influenza to arrive at the
human economic impacts. They concluded that the total
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national welfare loss to the agricultural sector and the
economic impacts to humans could range from between
$0.1 billion and $2.3 billion. Additionally, the authors
pointed out that these estimates are likely underesti-
mated because not all susceptible livestock are evaluated,
other damages to society (e.g. tourism), changes in con-
sumer demand and international trade are not incorpo-
rated into the study.

Methods

Figure 1 provides an overview of the economic assessment
of an RVF outbreak in the United States. To estimate the
economic impacts of the RVF outbreak, the output from
the epidemiological model is incorporated into a
multifaceted economic approach. Given the United States
has not had a previous case and is currently free of RVF,
agricultural production and the healthcare system is vastly
different when compared to East Africa and the Middle
East, and an epidemiological model is used to simulate
hypothetical outbreaks. The general economic methodol-
ogy relies on the use of a multimarket partial equilibrium
model to assess the agricultural sector supplemented with
an input—output economic model to account for regional
disruptions on the non-agricultural sectors (Pendell et al.,
2007).” Typical animal disease costs to the government —
such as appraisal, indemnification and surveillance — are
also calculated. Because RVF is a zoonotic disease, human
health impacts are projected for morbidity and mortality
using willingness to pay and value of statistical life, respec-
tively.
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Fig. 1. Economic framework for a Rift Valley
Fever assessment. Special attention is made to
remove duplication or double counting of
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Epidemiological

The epidemiological model Vensim used in this study. Ven-
sim is a framework based on system dynamic principles
that modelled the spread of RVFv from index cases or
infectious vectors. This approach is used in conjunction
with meteorological conditions prevailing in Manhattan,
Kansas, and their interplay with the local susceptible ani-
mal, human and vector population within the environ-
ment.* Outbreaks occurred in the second and third
quarters of 2009 when weather conditions and mosquito
vectors indicate that humans and cattle may develop RVF
infections in and around Manhattan, KS. Once an RVF
outbreak was identified, eradication measures are imple-
mented that include reducing the mosquito population and
access of the vertebrate population to mosquitoes, and the
culling of livestock. In these analyses, the baseline model
assumed that the RVF outbreak is detected when either 100
cows or 10 humans became ill. For additional details on the
epidemiological model including transmission, spread, and
mitigation strategies, see DHS (2010).

Agriculture

A quarterly, multimarket partial equilibrium model of the
US agricultural sector is used to assess the changes in con-
sumer surplus and producer returns to capital and man-
agement. This model includes livestock (cattle, hogs,
poultry, lamb and sheep, dairy and eggs) and grain (wheat,
coarse grains, rice, soybeans, soybean meal, soybean oil,
forage and pasture) production, meat processing (cattle/
beef, hogs/pork, sheep/lamb and birds/poultry) through
domestic consumers (beef, pork, poultry, lamb, dairy,
eggs, rice, coarse grains, wheat and soybean oil) and inter-
national customers — including US policy information.
Changes in consumer surplus and producer returns to
capital and management provide a comprehensive measure
of the market changes for all products in the livestock and
grain sectors along the entire supply chain (Just et al.,
2004). Agriculture production is modelled assuming
naive expectations (Paarlberg et al., 2009). Complete
documentation of this model is provided in Paarlberg
et al. (2008).

The parameters used in the model included livestock-
feed balance information, revenue and factor shares, which
are retained and defined in Paarlberg et al. (2008). Substi-
tution elasticities for derived demand and trade elasticities
remained unchanged (Paarlberg et al., 2008), while the
retail elasticity values for final meat demand for beef, pork
and poultry (Tonsor et al., 2010), lamb (Shiflett et al.,
2007) and milk (Zheng and Kaiser, 2008) are updated for
this study. Additional data required are quarterly supply,
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use, and price information for the livestock, grain, forages,
and meat are from various USDA government reports. Fed-
eral policy information concerning crops came from vari-
ous sources, including Provisions of the Federal Agriculture
Improvement and Reform Act of 1996 and the 2002 Farm
Act (Nelson and Schertz, 1996; Westcott et al., 2002).

Regional non-agriculture

Following the 2001 FMD outbreak in the UK, it is esti-
mated that the direct losses of tourism were equal to the
losses to the agricultural sector, excluding the producer
compensation from the government (Thompson et al.,
2002). Furthermore, the indirect effects to tourism were
more than 20 times larger when compared to the indirect
effects to agriculture. To estimate the costs and disruptions
to the regional non-agricultural sectors, the Bureau of Eco-
nomic Analysis’s Regional Input-Output Modeling System
(RIMSII) is used. RIMSII integrates the input and output
relationships of approximately 500 US industries and regio-
nal economic accounts. The final-demand multipliers for
output are used to estimate the indirect economic activity
generated by a specific economic activity in a region. The
indirect effects evaluated include the following: (i) the
effect of culling and destroying animals on the non-agricul-
tural regional economy (e.g. retail trade), (ii) the economic
implication of a travel ban that would limit recreational
and non-essential travel in and out of a region and (iii) the
indirect effects from the stimulus to the region created by
the expenditures during government eradication and clean-
up efforts.®

Total domestic travel expenditures for overnight trips
and day trips of more than 50 miles in 2007 were obtained
from the US Statistical Abstract produced by the US Census
Bureau. Further, the RIMS II data separate the economic
effects of various forms of travel. Thus, using data on the
percentage allocations of travel expenditures from the
Bureau of Labor Statistics, expenditures were allocated by
category for each state in the study region.

Travel and tourism is not a dominant sector in the study
region. Kansas, Nebraska, lowa and Oklahoma each consti-
tute <1% of the US domestic travel visits and expenditures.
Travel and tourism is more important in Colorado and
Missouri. Tourism expenditure reduction in the United
Kingdom following the FMD outbreak in 2001 was 13%
(Blake et al., 2002). This study assumes that travel will be
less affected than in the United Kingdom because tourism
in the United Kingdom involves significant rural tourism,
thus a maximum of 8% annualized reductions. For out-
breaks of <2 quarters, the travel reduction computed from
the number of days the outbreak lasts as a percentage of a
full year’s reduction.
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Human health

Estimating the impacts to human health for RFV requires
estimating both mortality and morbidity. The standard
approach to placing a value on mortality is using the
value of a statistical life (VSL). The VSL is commonly
determined through a hedonic wage analysis looking at
the differences in wages by individuals employed in
occupations with different rates of mortality. Because
numerous studies have estimated VSL using such hedonic
wage analyses, several government agencies have relied on
meta-analyses to obtain a VSL. Using a meta-analysis con-
ducted by Viscusi and Aldy (2003), they found the mean
VSL in the United States varied from $5.5 to $7.6 million.
Using the mid-point of this range ($6.55 million) and
adjusting for inflation to 2009 yields a VSL of $8.16
million. This implies that the value of mortality can be
calculated as follows:

Value of Mortality from RVF
= No. of lives lost from RVF x $8 160000 (1)

To place a value on morbidity, there are two approaches
generally used: cost of illness (COI) and willingness to pay
(WTP). The most commonly used approach, COI, is calcu-
lated by summing up the direct medical expenses
(e.g. expense of doctor office visit) to individuals and the
indirect expenses in productivity. Although the COI
approach is commonly used, it has several shortcomings in
this situation. First, most COI studies use ex post data to
calculate expenses. Because RVF has never occurred in the
United State before and has only occurred in East Africa
and the Middle East, which has vastly different healthcare
systems, it is impossible to use COI data to calculate the
expenses. Secondly, costs associated with pain and suffering
are ignored. With most individuals willing to pay some
amount to avoid the symptoms of RVF, the true cost of
morbidity is likely underestimated with the COI approach.

Economic Assessment of Zoonotic Diseases

The other approach to determine morbidity costs, and is
used in this study, is WTP. Although the survey-based
WTP measures have their own criticisms (e.g. prone to
hypothetical bias), methods meant to circumvent or allevi-
ate them are used. To measure individuals’ WTP to avoid
RVF, the choice experiment method is used. For complete
documentation of this method, including survey sample,
survey instrument and estimation methods, see DHS
(2010).

In May 2010, a web-based survey was administered to a
random sample of 1651 residents in Kansas, Oklahoma,
Nebraska and Missouri who are members of the Knowledge
Networks panel and had a 68% response rate.” To avoid
bias, we chose not to mention RVF specifically by name.
Rather, individuals were told about a potential new disease
and the associated symptoms of RVF that could enter the
United States. To determine people’s values to avoid the
morbidity associated with RVF, respondents were asked
whether they would be willing to purchase a vaccine to
avoid the illness.®

Following the provision of information, individuals were
asked eight choice questions like the one shown in Fig. 2.
Each choice question had a status quo or ‘No Vaccine’
option in which the cost was $0, the chances of contracting
flu-like symptoms were fixed at 10% for 7 days, and the
chances of both blindness and death from the virus were
0.5%. The cost and chances of illness in this ‘No Vaccine’
option were held constant across all eight questions.
Because of the possibility that people value morbidity dif-
ferently for their children than themselves, the respondent
completed another eight choice questions corresponding to
whether he or she would be willing to pay for a vaccine for
the child. The only modification between the adult and child
questions was the price levels. The random utility model of
McFadden (1974) was used to analyse the choice data.
Additional information regarding the survey instrument,
methods and results can be found in Lusk et al. (2012).

Fig. 2. Example choice experiment question
used to estimate value of morbidity in adults.
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Question 1 of 8

Given the following chances of illness and death, would you choose to get vaccinated and if so

which vaccine would you choose?

SEIRCT ONe ANSWEr NNy
Oircome No Vaccine Vaccine A Vaccine B
Chance of cortracting fi-like symolorms fom | 1001 1,000 (10%) | 50in 1.000 (5%} | 50in 1.000 (5%)
Length of tiu like symptoms i days 5 days 2 days
Chance of blindness from virus 5in 1,000 {0.5%) |[1in 1,000 (0.1%) | 1in 1.000 (0.1%)
Chance of death from virus 5in 1,000 {0.5%) | nochance (0%) | 1in 1,000 {0.1%)
Qul-ol-pockel cosl of vaccine $0 $300 $50
| would choose. .. o O O

Next
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Government

Costs associated with controlling and eradicating an RVF
outbreak are calculated for the government. The traditional
government costs including appraisal, cleaning and disin-
fection, quarantine, surveillance, euthanasia, indemnifica-
tion and mosquito control costs are estimated.
Indemnification payments reflect the value of culled ani-
mals at average market prices in the first quarter of 2009.
Mosquito control costs are for aerial mosquito control.
Tables 1 and 2 report the government costs and mosquito
control costs used in this study, respectively.

Exogenous shocks

As previously described, the RVF outbreak would result in
impacts to production and international trade, and possibly
domestic consumer demand. These impacts are converted
to exogenous supply and demand shifts and used in the
economic framework. For the agricultural sector, these
shocks are expressed as percentage changes for each pro-
duction type by quarter. The per cent changes are applied
to the partial equilibrium model and simulated for 20 quar-
ters. To arrive at the economic impacts to producers and
consumers, these results are compared with a baseline
defined by the observed and forecasted data for the first
quarter of 2009 through the fourth quarter of 2013.

Production/supply shocks

The production shocks are derived from an epidemiologi-
cal model. In particular, the expected number of animals
infected is converted to percentage changes in supply rela-
tive to the initial equilibrium and used in the partial equi-
librium model. Because the epidemiological model does
not distinguish between cow-calf and feedlot cattle, the
mean number of cattle infected was proportioned between
the two production types according to 2009 USDA

Table 1. Government costs used in controlling a Rift Valley Fever outbreak
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Table 2. Government costs used in controlling mosquitos in a Rift Val-
ley Fever outbreak

Cost category $

Cost of aerial spray ($/acre)® 1.49
Number of aerial spray applications 6
Expected total acres® 959 008
Total aerial mosquito control costs® 8 573 532

@Aerial ULV $/acre for Malathion. Costs reported by City of Laramie
Mosquito Control, Parks and Recreation Department, August 25, 2009,
Laramie, Wyoming.

PExpected total acres is determined by Riley County (398 080 acres)
plus Pottawatomie County (551 680 acres) plus 0.025 times Haskell
County (369 920 acres).

“Mosquito control cost = sum of ($/acre)*(acres per county)*(number of
spray applications).

National Agricultural Statistical Service cow-calf and feed-
lot cattle data.

Domestic consumer demand shocks

Without having the RVF outbreak in the United States, it is
hard to know exactly how consumers will respond. How-
ever, past experiences with food safety issues, including
other disease outbreaks, in the United States and through-
out the world suggest that there would be decline in
demand for meat and dairy products (Piggott and Marsh,
2004). Several studies analysing the impacts of BSE on con-
sumer demand include Thilmany et al. (2004) who
reported the 2003 US BSE incident generated a 13%
demand reduction. Kuchler and Tegene (2006) used weekly
sales from 1998 to 2004 to examine the impact of the US
BSE case and found the impact on fresh beef purchases to
be short-lived; 32.6% and 18.7% reductions the first and
second week following the announcement, respectively.
Using transaction level data, Schlenker and Villas-Boas
(2009) concluded that sales fell 21% during the 35 days

Cost category Cow-calf Dairy Feedlot Swine Sheep
Cost of appraisal for slaughter ($/herd)? 95.35 95.35 238.37 95.35 95.35
Cost of cleaning and disinfection ($/herd)? 1776.40 3762.80 11 173.75 1279.81 1776.40
Fixed costs of surveillance ($/herd)® 225.7 225.7 225.7 225.7 225.7
Variable costs of surveillance ($/visit)® 84.64 84.64 112.85 84.64 84.64
Quarantine costs(f};/ahimaI/day)b 1.41 1.41 1.41 1.41 1.41
Euthanasia ($/animal)? 27.91 5.7 5.79 27.91 4.1
Carcass disposal ($/animal)? 14.97 2.24 2.08 2.89 14.97
Fixed costs of vaccination ($/herd)® 338.55 564.25 902.8 654.25 338.55
Variable costs of vaccination ($/animal)® 6.77 6.77 6.77 6.77 6.77

Assumed 28-day quarantine period with all susceptible premises in each state incurring quarantine. Assumed 3 surveillance visits per herd.

?Pendell (2006) inflated to 2009 dollars.
PElbakidze et al. (2009) inflated to 2009 dollars.
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immediately following the announcement of BSE, while
losses recovered to about a 10% decline by the 90th day.
Similar to BSE, RVF poses potential serious human
health concerns and consequences (WHO, 2010). In 1997—
1998, an outbreak of RVF in Kenya resulted in 170 deaths,
while in 1977-1978, an outbreak in Egypt reported 598
deaths (Woods et al., 2002). Hence, it was assumed that
5% of people would refrain from consuming beef in the
first quarter, 2.5% would stop consuming beef in second
quarter, and demand would fully recover to pre-outbreak
levels in the third quarter following an accidental release of
RVF. Based on the epidemiological output, it is assumed
that consumer demand did not change in the self-announc-
ing release scenario. Although the magnitude of consumer
reaction to RVF in the accidental scenarios may seem large
relative to the number infected and culled animals, market
evidence suggests that consumers in the United States
respond more dramatically to initial or novel outbreaks as
opposed to repeated events (McCullough et al., 2013).

International trade shocks

International trade shocks assumed for this study are based
on observations from previous disease events and studies in
the United States and across the world. In 2003, the United
States faced complete trade bans on beef due to isolated
incidences of BSE. The recovery to pre-outbreak trade sta-
tus has been long and painful to the beef industry partici-
pants, as a result the isolated BSE events. As a percentage of
total beef production, US beef exports dropped to 1.9% in
2004 from 9.6% in 2003 and recovered to 7.4% by 2008
(LMIG, 2012).

A review of the literature on previous disease events and
research is useful in identifying possible time lengths for
trade bans for the RVF scenarios. Cagnolati et al. (2006)
investigated the economic impacts of RVF in Somali for
both 1998 and 2000, using 1- and 2-year export bans,
respectively. In 2000, RVF was reported in Saudi Arabia for
the first time. As a result, Bahrain, Oman, Qatar, Yemen
and the United Arab Emirates banned imports for 1 year,
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while Saudi Arabia imposed a 6-year ban on imports
(Desta, 2007). Although the actual length of export restric-
tions will vary by disease, livestock and meat products,
trade agreements in place and historical relationships
between countries involved, these observations provide
informative guidelines.

Based on the above information, trade shocks are con-
structed as follows. During the quarter of the outbreak and
for one quarter after the last case appears, it is assumed that
95% of all US exports of cattle and sheep and beef and lamb
are halted. Second, after the additional quarter ended with
no RVF reported, it is assumed that US exports of the
banned products gradually recover to pre-outbreak levels.
Based on documented experiences with RVF across the
world and previous experiences with BSE, export markets
are assumed to recover in a linear fashion more than a
2-year period. The duration of the RFV outbreak is an
important component in determining the economic effects.

Study region

With Manhattan, Kansas being the home of NBAF, the
region of interest in this study includes the following: Colo-
rado, Iowa, Kansas, Missouri, Nebraska and Oklahoma. In
this region, livestock agriculture is economically important.
In 2009, cattle and calves are the most valuable agricultural
commodity in three states in the study (USDA-NASS,
2010). All six states are in the top 10 cattle and calves inven-
tory for 2009. Nebraska, Kansas, Iowa and Colorado are
ranked in the top five states for cattle on feed. Furthermore,
hogs are recognized as one of the top five commodities
those states. Dairy is also a significant percentage of state
farm receipts in this region. Table 3 contains the susceptible
livestock and human populations across the study region.

Scenarios

It is possible that a pathogen can escape from a contain-
ment research facility (GAO, 2008; UK DEFRA, 2008). For

Table 3. Summary statistics of the susceptible livestock and humans populations across the study region

Livestock?

State Cow-calf Dairy Feedlot Swine Humans®

Arkansas 1375 244 203 642 309 995 554 321 2 867 764
Colorado 2218 823 225 735 155 480 729 993 4 935 213
lowa 1 853 591 351 639 1645 028 18 956 842 2 993 987
Kansas 1516 027 414 634 4 550 335 2 736 970 2 797 375
Missouri 2912 305 302 109 935 652 3 000 086 5 956 335
Nebraska 3 182 108 154 589 2 913 306 2999 619 1781 949
Oklahoma 3594 976 215 452 339 569 2 999 977 3 644 025

aUS Department of Homeland Security (2010).
PUS Census Bureau (2009).
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this study, we assume two plausible unintentional release
scenarios: (1) 10 RVFv-infected mosquitoes escape without
detection and (2) a fire in a containment laboratory in
which the RVFv escapes through the ventilation system.
The first and second scenarios represent an unannounced
and announced event, respectively. This is an important dis-
tinction as an unannounced release could continue to
spread the virus until the disease is identified and con-
firmed by officials, while control and mitigation plans
(e.g. increased surveillance) could be immediately imple-
mented in the announced released. Due to the meteorologi-
cal conditions, it is assumed the infected mosquitoes
escaped late spring or summer.

Results

Table 4 reports the epidemiological results for two hypo-
thetical RVF outbreaks to both human and animals. When
10 infected mosquitoes escape and initiate the outbreak,
the mean number of humans infected is 71 while 208 cattle
become infected. If a fire occurs in a research laboratory
and the virus escapes as an aerosol, the impacts are much
smaller as mitigation strategies are employed immediately.
The mean number of humans and cattle that become
infected for this scenario is 0.06 and 0.03, respectively
(Table 4). Because RVF outbreaks have only occurred East-
ern African and Middle Eastern countries, which have
much different agricultural production and human health-
care systems than the United States, it is difficult to com-
pare these results.

Table 5 reports the economic consequences of the two
small hypothetical RVF outbreaks. Producer returns to cap-
ital and management and consumer surplus monetize the
changes in the well-being of producers and consumers of
agricultural products. The total agricultural impact for each
scenario is determined by summing the producer and con-
sumer effects. In the infected mosquitoes escaping scenario,

Table 4. Mean number of humans and cattle infected with Rift Valley
Fever virus

People Animals
Scenario infected infected?
10 infected mosquitoes 71.35 207.62
escape®
Fire in laboratory and 0.06 0.03

release of aerosol®

“The outbreak occurred during the late spring and summer. Fifty per
cent of the supply reduction occurred in the second quarter with the
remaining 50% reduction occurring in the third quarter.

PRepresents a release where the virus continues to spread until detec-
tion.

“Represents a release where mitigation strategies are immediately
implemented.

D. L. Pendell et al.

producers were negatively impacted by $1877.6 million
while consumers gained $1752.5 million. In the research
laboratory fire scenario, the producers’ losses to capital and
management and consumers’ welfare gains were $1515.3
million and $2005.1 million, respectively. The positive con-
sumer surplus changes are a result of small supply shocks
and loss of international export markets (see Paarlberg
et al., 2008; Nogueira et al., 2011; Tozer and Marsh, 2012
for further discussion). In other words, if adverse con-
sumer’s reaction to a disease outbreak is small and only few
livestock are culled, it is possible for consumers of agricul-
tural products to benefit from a small RVF outbreak
because bans on agricultural exports lead to oversupply and
reduce domestic meat and dairy prices, which benefit con-
sumers.

The indemnification expenditures for the RVF outbreaks
are very small (< $30 000) due to the few animals culled
(Table 5). The other government expenditures for control-
ling and eradicating RVF (primarily quarantine and surveil-
lance) range between $10.7 million and $12.4 million. The
regional non-agricultural sector losses for both scenarios
were estimated at $2230 million. These losses were primar-
ily a result of reduction in travel and recreation in the
impacted area.

To estimate the impacts to the human health, it was
assumed that 1% of the cases would result in severe illness
leading to blindness, 1% of cases would result in death, and
the remaining 98% of cases would result in flu-like symp-
toms lasting five days (see WHO’s RVF factsheet; WHO,
2010). Furthermore, it was assumed the infections would
be distributed infections between adults and children at the
same rate as their prevalence in the study regions popula-
tion. According to the US Census, 84.2% is 18 years old or
older, whereas the remaining 15.8% are under the age of 18
in Manhattan, Kansas. Thus, the economic effects for mor-
bidity and mortality from RVF were calculated as follows:

C = H x {84.2% x (1% x wrpblind.adult , g0
% WTPlllness,adult 1% x VSLadult) 1 15.8%
x (1% x WTPblind,chﬂd 1 98% x WTPilIness,chﬂd
+1% x vsLchildyy

(2)
Where C is the expected economic effect, H is the number
of infected humans, WTP is willingness to pay to avoid
blindness or illness in adults or children, and VSL is value
of statistical life. The number of infected humans is from
the epidemiological output (Table 4). Values for VSL*""
and VSLM were both set at $8 160 000 based on Viscusi
and Aldy (2003). The WTP values were provided by the
survey (see DHS (2010) for more details). The WTP
estimates for the adults avoiding blindness (WTth“d’“d““)
and flu illness (WTPInessadulty yere 75 833 and $1525,
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Table 5. Summary of economic consequences of a Rift Valley Fever outbreak

Producer returns Govt costs — Regional non- Human

to capital and Consumer Govt costs—  non- agricultural health
Scenario management® surplus® indemnity®  indemnity® impacts® impacts® Total
10 infected —$18 776 100 281  $17 525 033 174  $26 980 $12 413 610 —$2 228 495967 —$6 073 746 —$3 498 077410
mosquitoes
Fire in —$15 153 466 914  $20 050 589 971 $188 $10 661 726 —$2 232 618 389 —$5108  $2 653 837 646
laboratory

“The economic values for this category are derived from the partial equilibrium, multimarket model.

bThe costs are determined as the value of animals culled.

“The non-indemnification government costs include appraisal, euthanasia, disposal, cleaning and disinfection, surveillance and quarantine.
%The economic values for this category are derived using the Bureau of Economic Analysis’ RIMS Il (regional input—output modelling system).
“The economic values for this category are determined using the results of the regional choice experiment survey and estimates of the value of a statis-

tical life.

respectively.9 The WTP to avoid blindness (WTpPlind<hild)
and flu illness (WTP!ess<hildy 51y children were $198 728
and $8494, respectively.'® Substituting these values into the
above equation implied that the expected economic effect
for each infection is $85 126. To arrive at the total human
health economic effect for the RVF outbreak, multiply
$85 126 by the number of infected humans. The total
impacts for the 10 infected mosquitoes and fire in the
research laboratory scenarios were $6.07 million and $0.01
million, respectively.

To arrive at the total economic impact resulting from a
hypothetical release of the RVFv, combine the producer
and consumer measures with the regional non-agricultural
impacts, costs to the government and human health
impacts. The total economic effect for the escape of 10
infected mosquitoes was losses of $3498 million, while
more than $2654 million in gains for the release of the virus
resulting from a laboratory fire.

Conclusions

With foreign animal and zoonotic diseases becoming
more prevalent and the potential for catastrophic eco-
nomic impacts on societies, developing an approach to
estimating the economic consequences is important. The
study estimates the consequences of a zoonotic disease
by combining the economic impacts to the following
sectors: agriculture, non-agriculture, human health care
and government.

In this study, we assume two hypothetical Rift Valley
Fever (RVF) outbreaks a result of an escape of infected
mosquitoes and fire in a research laboratory at the National
Bio and Agro Defense Facility in Manhattan, Kansas. These
two hypothetical outbreaks represent unannounced and
announced release events. This distinction is important as
the disease can spread undetected in the unannounced
event, while the other event would result in immediate

implementation of mitigation strategies. Thus, the
economic sequences between these scenarios are vastly dif-
ferent.

Total losses for the two RVFv release events range from
losses of $3498 billion to gains of $2654 billion. Agricul-
tural producer effects are always negative due to lost in
consumer demand and international trade. Depending on
the type of release event (unannounced versus announced),
consumers of agricultural products realize negative or posi-
tive effects primarily contingent upon the assumed demand
shocks. The total impacts to the producers are a loss of
$18 776 and $15 153 million for the unannounced and
announced scenarios, respectively, while the consumers’
gains are $17 525 and $20 051 million. Regional non-
agricultural losses, government non-indemnification and
indemnification costs are much smaller than the producer
and consumer impacts, ranging from $2228 to $2232 mil-
lion, from $10 to $12 million and <$30 000 across the sce-
narios, respectively.

This study does raise several important issues for future
research. First, further investigation of epidemiologic-
economic models for both human and livestock is war-
ranted. For example, the empirical application in this paper
is illustrative and not definitive. Additional scenarios
should and need to be investigated. Second, alternate strate-
gies for controlling and eradicating RVF need to be studied
further, including human health and livestock. Finally, fur-
ther analysis surrounding domestic consumer demand and
international trade demand issues needs to be addressed.
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Notes

'A zoonotic disease is a disease that is transmissible between animals
and humans.

Direct losses are expenditures to animal and public health, indemni-
fication payments and losses to the livestock sectors. Indirect losses
include trade, tourism and the livestock supply chain.

*The decision to use a partial equilibrium model with regional
impacts followed from interaction between the National Academies
Committee and Department of Homeland Security with input from a
government review panel.

“Manhattan, Kansas is selected in this study because it will be the
home to the future National Bio and Agro-Defense Facility (NBAF),
which is designed to conduct research and create vaccines and other
countermeasures against foreign animal and zoonotic diseases (includ-
ing Rift Valley Fever). Although there are no confirmed links between
infections and releases from PIADC, the risks of a virus escaping from
any research laboratory do exist (see GAO (2008) and UK DEFRA
(2008) for additional discussion).

>The decision to use an accepted and validated methodology, partial
equilibrium model (Paarlberg et al., 2008) — and RIMS II (BEA, 2010),
followed from interactions with the National Academies Committee.

“Special attention is made to remove duplication or double counting
of losses.

"The survey was independently reviewed and approved by Oklahoma
State University’s Office of Research Compliance — Human Subject
Research (IRB).

8The questions were framed in this way not because vaccinations rep-
resent a credible and widely known method for preventing viral dis-
ease, and as such, they are a useful mechanism for measuring people’s
trade-offs between money (vaccine price) and health.

“Viscusi and Aldy (2003) indicate a statistical value of a serious on-
the-job injury between $20 000 and $70 000 per injury. Zohrabian
et al. (2004) studied the cost of illness associated with West Nile virus
(similar symptoms to RVF) in Louisiana and found that the median
medical cost of impatient treatment for people with the illness was
$8274.

'%People placing higher value on morbidity in their children than
themselves are consistent with the previous studies (e.g. Hammitt and
Haninger, 2007, 2010).
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